The redundance, or degeneracy as it is generally called, of amino acid coding has been deduced from various observations. Holley and his group, 1 by applying countercurrent distribution to the mixture of sRNA's, obtained two or more distinct sRNA peaks for the same amino acid. The use of polynucleotides of fixed composition, introduced by Nirenberg and his group,2 and by Ochoa and collaborators,3 for probing polypeptide synthesis from activated amino acids, has indicated that the same amino acid can respond with polypeptide formation to different polynucleotides.
was at 350 for 20 min, unless otherwise stated.
Attachment of C'4-leucine to E. coli sRNA previously charged with C(2-leucine by yeast enzyme:
The reaction mixture for attaching C12-leucine to sRNA contained, in a total volume of 1. (PEP) Na salt, 10 Mg of PEP kinase, 100 MM C12-leucine, 3 mg of sRNA, and 0.30 mg protein of 105,000 X g yeast extract. After incubation for 20 min at 350, the charged sRNA was isolated by the phenol procedure. The product was dialyzed at pH 5.8 for 7 hr at 00 against deionized water.
The reaction mixture for attaching C'4-leucine to the dialyzed product contained, in a total volume of 1.5 ml: 300 MM cacodylate-K pH 6. 2 MM amino acid mixture minus leucine, E. coli enzyme extract (0.20 mg protein), and the dialyzed product from above. After incubation for 5 min at 350, the charged sRNA was isolated by the phenol procedure.
Polynucleotide-stimulated ribosomal incorporation of C14-leucine bound to sRNA: S-30 was prepared according to the procedure of Matthaei and Nirenberg. 2 The protein concentration of the product was 12 mg/ml.
Essentially the method of Weisblum et al.7 was used to establish the code properties of leucylsRNA preparations. The reaction mixture contained, in a total volume of 0.25 ml: 15 ,M Tris HCl pH 7.5, 1.2 MM PEP, 8 Mg of PEP-kinase, 7.5 MM KCl, 2 MM GSH, 5 uM C12-leucine, 0.1 mg of C'2-aminoacyl-sRNA omitting leucine, 10 ,g of poly UG, UC, or U, as indicated in the figures, 50 Ml of S-30, and C14-leucyl-sRNA. After incubation, the reaction was stopped by addition of 7% trichloroacetic acid (TCA), and the resulting 1)recipitate was digested, washed on a Millipore filter, and counted in a windowless gas-flow counter.
f2 RNA-stimulated ribosomal incorporation of C14-leucine bound to sRNA: The reaction mixture for f2 RNA-stimulated incorporation of leucine from leucyl-sRNA was essentially the same as above, except that cacodylate-K buffer at pH 6.8 was substituted for Tris-HCl pH 7.5, and 0.25 MM ATP was added in a 0.25 ml total incubation volume. f2 RNA was added to the reaction mixture in amounts indicated in the tables and figures. The reaction was terminated and incorporation of C'4-leucine into TCA-insoluble precipitate was determined as above.
Separation of two leucine acceptor RNA's: sRNA from E. coli B was prepared by phenol extraction and passage over DEAE-cellulose, as described by Doctor et al.1 Two leucine acceptor fractions were isolated by countercurrent distribution after 500 transfers in a solvent system modified after Apgar et al. 12 The pooled fractions used for the experiments to be presented were taken at positions 100 tubes apart from each other in the train of the countercurrent machine. The procedures and methods used are to be published.
Materials.-ATP and GTP were products of Pabst Laboratories, Milwaukee, Wis. PEP Na salt and pyruvate kinase were purchased from California Corp. Rendi and Ochoa in its derivation from a different yeast strain and in the extraction procedure. This may explain the negative response of their preparation with leucine in contrast to the differential response reported here. Our experiments confirmed the observations of Benzer and Weisblum that yeast enzyme preparations connect lysine but not tyrosine to E. coli sRNA. Leucine, alanine, serine, isoleucine, and aspartic acid were also found to be attached by yeast enzyme, but phenylalanine and histidine were not (Table 1) .
Our bakers' yeast preparation charged E. coli sRNA with leucine, although to only two thirds the extent charged by E. coli enzyme. This differential effect, which corresponds qualitatively to the observations of Berg et al.8 with methionine, was studied in greater detail. Figure 1 II was most effective for leucine polymerization on poly UG. Polymer-dependent incorporation of leucine bound to peak I was identical to that shown for unfractionated sRNALeou charged by yeast enzyme (Fig.   3 ). When transfer efficiency as high as 50 to 70 per cent was obtained, however, a significant response to the other polymer was observed, i.e., poly UG for peak I or poly UC for peak II. Also, poly U induced measurable response with both peak I and peak II fractions. Since the two countercurrent fractions were 100 tubes apart, gross contamination is excluded. The possibility, however, that the polynucleotides used in these experiments have small amounts of bases as contaminant, is being examined further. From present tests it would seem that contamination, if any, would be too small to explain the effects observed. It was observed, however, that five different poly U samples gave varied responses with leucine in contrast to a constant response with phenylalanine. This fact, as well as the recent finding of Jones and Nirenberg" of a competition between phenylalanine and leucine, suggests caution in interpreting the response of different leucyl-sRNA preparations in the poly U system.
The curves in Figure 3 suggest that yeast enzyme charges only peak I sRNACO'.
A direct test of this is presented in Table 3 . Although both peaks can be charged by E. coli enzyme, only peak I is charged with leucine by yeast enzyme. During our studies we learned that a similar effect has been observed by Keller with rat liver enzyme'6 where leucine could be attached to peak I sRNALu but not to peak II.
T'he codiny characteristics of yeast leucyl-slUNA (sINA JujU): When the coding Conditions and procedures as in Table 1 . The sRNA samples were isolated by countercurrent distribution after 500 transfers.
properties of leucyl-sRNAyeu charged with yeast enzyme were determined by the method used for sRNA Leu (Fig. 2) , a strong response to poly UG and an only slightly smaller response to poly UC (or poly U) were observed. Such a redundant response might have been expected from the observations of Doctor et al.1 who reported the separation of two leucine-responsive sRNA fractions in yeast. Although sRNAcOu is partially compatible with yeast enzyme, E. coli enzyme did not charge sRNAYeU although a variety of conditions were tried. Yeast enzyme with sRNALeeu thus charges both the poly UC-as well as the poly UG-responsive sRNALeu fractions, but with sRNAc;u this same enzyme preparation charges only, or rather preferentially, sRNACo I Tests with a natural messenger RNA: Recently, Nathans et al."7 showed the formation in vitro of f2 virus coat protein by using f2 RNA as messenger in an E. coli ribosomal system. We have found a rather good incorporation of C'4-leucine from unfractionated leucyl-sRNACO in the f2 RNA-stimulated system described in Methods. It can be seen from Table 4 that our system is particularly effective when cacodylate buffer and a pH of about 7 are used. In experiments, presented in Figure 5 , C'4-leucyl-sRNA prepared from either sRNALeou I or sRNA ueu II were incubated with f2 RNA as messenger in the system used above; the re-1800 _ sults indicate that the two varieties the remaining one third to E. coli enzyme only. The new facet is the resolution of the differential response, showing that the yeast enzyme-responsive sRNACu is the peak I sRNA, the sRNALe'u I of Holley. The remainder is the second countercurrent peak, which could be charged subsequently and separately with E. coli enzyme. Furthermore, yeast enzyme-charged sRNALCu will discharge preferentially on poly UC, while the remainder, analogous to sRNAeou ", discharges preferentially on poly UG.
The sorting out by yeast enzyme of the poly UC-responsive sRNAco is surprising, since yeast sRNALeu appears to include both the poly UC-and the poly UG-responsive sRNA's as indicated by yeast enzyme-charged leucyl-sRNALj'u discharging with both polymers. The fact that in the present study the response of leucyl-sRNA Leu I to poly UC and of sRI Leu II to poly UG was preferential rather than cy CnAo toplCCad fsN "o pl Gwspeeeta ahrta exclusive, and both responded to poly U, may still be explained through our use of slightly contaminated polynucleotides. But if that should not be the case, we seem to be in need of a better understanding of the enzymatic events during discharging of the leucyl-sRNA's. The confirmation and extension of the heterogeneity of the two sRNA's demands all the more reconciliation with the essentially confirmed indications of universality of coding at the level of the template, the mRNA. Furthermore, it appears that yeast enzyme-charged sRNALeu discharges well on f2 RNA messenger, supporting the coding crossover between yeast and E. coli leucyl-sRNA.
Preliminary experiments indicate that both of the E. coli leucyl-sRNA's appear to feed into polypeptide bond formation with very similar kinetics when f2 RNA serves as messenger. Experiments in collaboration with Drs. Zinder and Schwartz are in progress to define the type of protein formed and the position of the leucine derived from the different leucyl-sRNA's. Only then will it be possible to compare the coding properties of the two sRNA fractions in the polynucleotide and natural nRNA systems. The discovery of a bacteriophage containing RNA' has stimulated considerable interest in the isolation and characterization of other RNA-containing bacterial viruses. Among those which have subsequently been isolated2 is R17.
The receipt of a sample of R17 and of its host, E. coli K-12 (Hfr, methionine-), from Dr. Angus Graham of the Wistar Institute has enabled us to investigate physical and chemical properties of the virus and of its components. R17 appears. to be eminently suitable for studies of virus structure and synthesis. It is stable, can be grown in considerable quantity, and is readily purified. It can be degraded to yield protein subunits and stable, high-molecular weight RNA.
This report concerns intact R17. Investigations of the viral protein and RNA will be reported elsewhere.
Methods.-Grotwth and purification: R17 was grown on E. coli K-12 (Hfr, methionine-) in shake-flask cultures to virus concentrations of 1012 to 10"3 plaque-forming units per ml. Cells and debris were removed by centrifugation. The pH of the supernatant liquid of the lysate was slowly lowered to 4 by the addition of 20% acetic acid, and the resulting precipitate was removed by centrifugation and discarded. Three hundred and fifty gm of ammonium sulfate were added for each liter of liquid. The material which precipitated was spun down, taken up in 0.05 M Na phosphate buffer, pH 7.0, and subjected to 3 cycles of centrifugation of 15 min at 15,000 rpm (discard sediment), and 150 min at 30,000 rpm (resuspend sediment) in the No. 30 rotor of a Spinco Model L preparative centrifuge. All procedures were performed at 40-100C. The final sediment, resuspended in buffer, gave a single symmetrical peak in the analytical centrifuge and contained 30-80% of the plaque-forming units present in the original lysate. Its homogeneity will be documented in the next section.
Sedimentation: Sedimentation velocity analyses were made in a Spinco Model E analytica centrifuge at 35,600 rpm. The temperature was regulated at 20'C throughout all runs. The observed sedimentation coefficients were corrected to standard conditions and are designated s2oO.
Diffusion: Diffusion was analyzed in a Spinco Model H electrophoresis-diffusion apparatus with Rayleigh optics. Creeth's4 procedure for calculation was used. The diffusion coefficient was corrected to standard conditions and is designated D,,,..
Ultraviolet absorption: Absorption spectra were determined with a Cary Model 15 spectrophotometer. Corrections for light scattering are small and were made by extrapolation from the neighboring nonabsorbing region of the spectrum. For most of the biophysical measurements reported here, concentration was determined by ultraviolet absorption at 260 mp.
